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PART ONE 
INTRODUCTION 
Recent s t u d i e s on t h e r e p r o d u c t i v e r a t e o f t h e common 
e i d e r , Somateria m o l l i s s i m a a t F o r v i e , S c o t l a n d , have 
r e v e a l e d a f l u c t u a t i o n i n t h e percentage s u r v i v a l s o f t h e 
d u c k l i n g s , w i t h many years o f v e r y poor s u r v i v a l ( l e s s t h a n 
k%) b e i n g i n t e r s p e r s e d w i t h y e a r s o f good s u r v i v a l (20 - 40$) 
( M i l n e , 197^). 
The o v e r a l l e f f e c t o f t h i s s u r v i v a l p a t t e r n has produced 
a steady i n c r e a s e i n t h e a d u l t p o p u l a t i o n , checked o n l y 
t h r o u g h t h e low r e c r u i t m e n t o f young, o r t h e o c c a s i o n a l , 
e x c e s s i v e a d u l t m o r t a l i t y . 
The p r i m a r y cause o f t h e low s u r v i v a l o f these d u c k l i n g s 
has been a t t r i b u t e d t o t h e severe g u l l p r e d a t i o n observed i n 
t h e l a r g e creche systems. These systems are tho u g h t t o be 
necessary t o enable females and d u c k l i n g s t o u t i l i z e 
d i f f e r e n t f e e d i n g grounds, a t t h e same t i m e o f day (Gorman 
and M i l n e , 1972). Campbell (1975), w o r k i n g on an e i d e r 
p o p u l a t i o n on S p i t z b e r g e n , has a l s o found a low s u r v i v a l 
o f d u c k l i n g s which he a t t r i b u t e s t o g u l l p r e d a t i o n . U n l i k e 
t h e S c o t t i s h p o p u l a t i o n , where g r e a t e s t p r e d a t i o n o c c u r r e d 
on t he wa t e r , Campbell found p r e d a t i o n g r e a t e s t between t h e 
t i m e o f h a t c h i n g and t h e time o f d u c k l i n g s l e a v i n g t h e n e s t . 
He suggested t h a t t h e l a c k o f ground cover and t h e r e l a t i v e l y 
h i g h d e n s i t y o f n e s t s on S p i t z b e r g e n , compared w i t h t h a t found 
by M i l n e ( l o c . c i t . ) , i n c r e a s e d t h e v u l n e r a b i l i t y o f t h e 
d u c k l i n g s i n t h e n e s t . He f u r t h e r suggested t h a t , on a r r i v a l 
a t t h e wat e r , t h e r a p i d d i s p e r s a l , away from t h e n e s t i n g 
ground, reduced t h e chances o f p r e d a t i o n amongst t h e 
S p i t z b e r g e n d u c k l i n g s , w h i l e those i n S c o t l a n d remained 
c l o s e t o t h e n e s t i n g ground, c o n c e n t r a t e d i n creches. 
The b r e e d i n g p o p u l a t i o n o f e i d e r s on Coquet I s l a n d 
(Northumberland) i s about one f i f t h o f t h a t counted a t 
F o r v i e and t h e r e f o r e sampling o f t h e Coquet p o p u l a t i o n i s 
n o t necessary. I t forms a d i s c r e t e u n i t w i t h b r e e d i n g areas 
t o the s o u t h o f t h e i s l a n d n o t b e i n g r e c o r d e d . To t h e n o r t h , 
a p a r t from a few p a i r s (maximum o f 10) n e s t i n g a t Dunstanburgh 
C a s t l e , t h e n e a r e s t b r e e d i n g ground i s l o c a t e d , JO kms away, 
on the Fame I s l a n d s . 
U n l i k e t h e F o r v i e p o p u l a t i o n , a f t e r h a t c h i n g , t h e 
m a j o r i t y o f these d u c k l i n g s remain i n t h e i r s e p a r a t e broods, 
accompanied by t h e female. The p r e s e n t s t u d y was c a r r i e d 
out t o i n v e s t i g a t e t h e percentage s u r v i v a l o f d u c k l i n g s , 
h atched on Coquet I s l a n d , i n 1975- The d i s t r i b u t i o n o f 
m o r t a l i t y , w i t h age, and t h e f e e d i n g b e h a v i o u r o f t h e 
d u c k l i n g s were s t u d i e d i n an a t t e m p t t o p r o v i d e a p o s s i b l e 
e x p l a n a t i o n f o r m o r t a l i t y , w i t h i n s i n g l e broods, once th e y 
have l e f t t h e i s l a n d . 
PART'TWO 
STUDY AREA 
Coquet i s l a n d l i e s approximately 1.5 kms. o f f the 
coast of Northumberland, opposite Amble. I t forms the 
most so u t h e r l y of two l a r g e breeding a r e a s known, f o r the 
common e i d e r duck, along the east coast of England. The 
other a r e a i s l o c a t e d on the F ame I s l a n d s , approximately 
50 kms. north of Coquet I s l a n d , (see Map. 1.) 
Some 30 kms. of c o a s t l i n e , s t r e t c h i n g north and south 
of Coquet, from C a s t l e Point to Snab Point, formed the 
general study a r e a . 
Within t h i s area, an i n t e n s i v e study a r e a was main-
t a i n e d , which s t r e t c h e d from B i r l i n g C a r r to Bondi C a r r 
and included Warkworth Harbour, the e s t u a r y and flood 
p l a i n of the r i v e r Coquet. (See Map. 2 ) . 
The estuary i s flanked, on the northern s i d e , by a 
mature s a l t marsh and dune system, s t a b i l i z e d by a mixture 
of marram gr a s s t u s s o c k s , (Ammophila a r e n a r i a ,) and lyme 
g r a s s , (Elymus a r e n a r i u s ) . T h i s region provided good 
coverage f o r daytime brooding and r o o s t s at n i g h t . 
The southern s i d e of the estuary i s bounded p a r t l y by 
the A1068 and p a r t l y by the Amble quayside. 
At low t i d e a l a r g e expanse of mudflat (approximately lOha) 
i s exposed which•supports a fauna i n c l u d i n g Hydrobia spp., 
N e r e i s spp., Corophium v o l u t a t o r , Gammariclae, and a dense veg-
e t a t i o n of U l o t r i c h a l e s which i s present as an a l g a l mat. 
Map 1 i Coquet I s l and and the genera l study 
area in re la t ion to the Fame Islands. 
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4. 
E d i b l e mussels ( M y t i l u s e d u l i s ) a r e a l s o found on t h e 
r i v e r beds, b u t n o t i n l a r g e q u a n t i t i e s . 
The e s t u a r y opens out i n t o t h e h a r b o u r . A l o n g t h e 
n o r t h w a l l o f t h e h a r b o u r f a l l e n b o u l d e r s s u p p o r t a dense 
v e g e t a t i o n o f Fucus spp. Mussel beds ar e a l s o w e l l 
e s t a b l i s h e d a l o n g t h i s w a l l . Other mussel beds, w i t h i n 
t h e i n t e n s i v e s tudy area, a r e s i t e d a t B i r l i n g C a r r , Amble, 
Hauxley Haven and Bondi C a r r . These areas p r o v i d e d 
f e e d i n g f o r the a d u l t e i d e r s , w h i l e t h e d u c k l i n g s f e d , more 
o f t e n , i n t h e e s t u a r y and h a r b o u r areas. 
Fresh w a t e r , w h i c h t h e a d u l t s and d u c k l i n g s used f o r 
d r i n k i n g , was a v a i l a b l e from t h e r i v e r Coquet and from an 
o u t l e t a t Hauxley Haven. 
PART THREE! 
METHODS 
3.1 General O b s e r v a t i o n s . 
The study was begun i n e a r l y May 1975> a p p r o x i m a t e l y 
f o u r weeks b e f o r e t h e f i r s t d u c k l i n g s hatched, and was 
c o n t i n u e d u n t i l l a t e August 1975, by which t i m e t h e 
m a j o r i t y o f s u r v i v i n g d u c k l i n g s hade f l e d g e d . 
W i t h i n two days o f h a t c h i n g , t h e e i d e r d u c k l i n g s l e a v e 
Coquet I s l a n d and are br o u g h t a c r o s s t o t h e mainland. T h i s 
b e h a v i o u r enabled t h e study t o be c a r r i e d out from t h e 
mainla n d . 
Throughout t h e study p e r i o d , t h e i n t e n s i v e s t u d y area 
was searched, d a i l y , f o r a d u l t and young e i d e r s , u s i n g 
b i n o c u l a r s w i t h X8 m a g n i f i c a t i o n , and where necessary a 
t e l e s c o p e , mounted on a t r i p o d , w i t h up t o Xj50 m a g n i f i c a t i o n . 
D u r i n g each census d e t a i l s o f t h e t i m e o f day ( B r i t i s h 
Summer Time) , t i d e and weather c o n d i t i o n s ( e . g . wet o r d r y , 
sunny, o v e r c a s t o r m i s t y ) were n o t e d . The number o f a d u l t 
males and females, one y e a r o l d males and females and duck-
l i n g s , t o g e t h e r w i t h t h e i r a c t i v i t y and p o s i t i o n , w i t h i n 
t h e i n t e n s i v e s t u d y area, were a l s o r e c o r d e d . 
I n a d d i t i o n t o t h e d a i l y counts a weekly census o f 
a d u l t and young e i d e r s , p r e s e n t w i t h i n t h e g e n e r a l study 
area, was t a k e n t o f o l l o w t h e d i s p e r s a l o f e i d e r s from t h e 
b r e e d i n g ground. 
The weekly census was always t a k e n when l i g h t was good, 
and, where p o s s i b l e , a t h i g h w a t e r when most o f t h e e i d e r s 
were on t h e w a t e r . 
6. 
F i f t e e n census s t a t i o n s a l o n g t h e g e n e r a l s t u d y 
area enable i t s e n t i r e c o a s t l i n e t o be observed. (See M a p . l ) . 
When c a l c u l a t i n g t h e s u r v i v a l v a l u e s f o r d u c k l i n g s , those 
found out o f t h e i n t e n s i v e s t u d y area were a l s o i n c l u d e d . 
The a c t i v i t i e s r e c o rded f o r t h e e i d e r s were f e e d i n g , 
(whether by d i v i n g , d a b b l i n g o r d r i n k i n g ) , r e s t i n g on 
l a n d , exposed rocks o r f l o a t i n g on the sea. 
3.2 Methods f o r E s t i m a t i o n o f A d u l t P o p u l a t i o n . 
The s i z e o f t h e mature a d u l t p o p u l a t i o n was observed 
d i r e c t l y from d a i l y counts o f b i r d s seen, on t h e w a t e r , 
w i t h i n t h e i n t e n s i v e study a r e a . B i r d s on t h e i s l a n d , 
"behind" t h e i s l a n d ( i . e . t o t h e east s i d e o f t h e i s l a n d ) , 
o r those w i t h i n a p p r o x i m a t e l y 0.1 km. o f t h e i s l a n d ' s shore, 
were n o t i n c l u d e d i n t h e counts s i n c e these c o u l d n o t be 
d i s t i n g u i s h e d . 
D i f f i c u l t i e s i n c o u n t i n g f l o c k s o f e i d e r s were encountered, 
a t Hauxley, when t h e sea was rough. On such days, waves 
t e m p o r a r i l y concealed groups o f e i d e r s , t h u s i n c r e a s i n g t h e 
p o s s i b i l i t y o f c o u n t i n g t h e same group t w i c e , o r n o t a t a l l . 
To reduce t h i s e r r o r , counts were made from t h e t o p o f 
sand dunes ( a p p r o x i m a t e l y 6.0 m above sea l e v e l ) t o g i v e 
maximum h e i g h t t o t h e obs e r v e r . Counts were r e p e a t e d and 
when p o s s i b l e t a k e n on the ebb i n g t i d e when t h e sea was 
calmer. 
Throughout t h e whole s t u d y p e r i o d t h e r e were no more 
t h a n t w e l v e days w i t h rough seas. T h i s d i f f i c u l t y i n 
c o u n t i n g was n o t p r e s e n t w i t h i n t h e h a r b o u r area. 
7 . 
At t h e b e g i n n i n g o f t h e s t u d y p e r i o d t h e b r e e d i n g 
plumages o f t h e a d u l t male and female e i d e r s made d i s t i n c t i o n 
c l e a r . Towards the end o f J u l y t h e a d u l t males went i n t o 
e c l i p s e plumage and d i s t i n c t i o n from t h e females was more 
d i f f i c u l t . T h i s was p a r t i c u l a r l y found when males and 
females were p r e s e n t i n f l o c k s , out a t sea. Good l i g h t 
and a t e l e s c o p e were t h e n e s s e n t i a l f o r c o u n t i n g . 
One y e a r o l d male e i d e r s were d i s t i n g u i s h e d from t h e 
mature male by t h e i r m o t t l e d brown, b l a c k and w h i t e plumage. 
The one-year o l d female e i d e r s were more d i f f i c u l t t o 
d i s t i n g u i s h from t h e mature female, t h e absence o f a speculum 
on t h e w i n g b e i n g a c h a r a c t e r i s t i c o f t h e one-year o l d females. 
3.3'Methods f o r e s t i m a t i o n o f B r e e d i n g P o p u l a t i o n . 
The t o t a l number o f n e s t s on Coquet I s l a n d , f o r 1975, 
was o b t a i n e d (J.C.Coulson, p e r s . comm.) and t h i s f i g u r e was 
used as t h e number o f females b r e e d i n g . 
Where t h e t o t a l number o f n e s t s has n o t been a v a i l a b l e 
(e.g. M i l n e 197^), an a p p r o x i m a t i o n o f t h e number o f b r e e d i n g 
females i n t h e p o p u l a t i o n has been o b t a i n e d by u s i n g t h e 
d i f f e r e n c e between t h e maximum and minimum o f t h e " d i p " i n 
female-numbers o c c u r r i n g i n l a t e May when t h e y l e a v e t h e 
wa t e r t o p a r t i c i p a t e i n n e s t i n g a c t i v i t i e s . 
The number o f females l e f t on t h e w a t e r d u r i n g t h i s 
p e r i o d a r e those which were u n s u c c e s s f u l o r non-breeders. 
The converse o f t h i s i s n o t t r u e , t h e number o f females l e a v i n g 
t h e w a t e r i n c l u d e females which a s s o c i a t e w i t h t h e b r e e d e r s , 
termed " a u n t i e s " , and would t h e r e f o r e g i v e an o v e r e s t i m a t i o n 
8. 
o f t h e number o f b r e e d e r s . 
3.4 Methods f o r E s t i m a t i o n o f D u c k l i n g P o p u l a t i o n . 
The m a j o r i t y o f d u c k l i n g s remained i n t h e i r i n d i v i d u a l 
broods, a t t e n d e d by a female and sometimes one o r more 
" a u n t i e s " . Some broods amalgamated t o form s m a l l creches 
( t h e l a r g e s t b e i n g 34 d u c k l i n g s ) which i n some cases were 
s t a b l e and p r o b a b l y formed b e f o r e o r a t t h e t i m e o f l e a v i n g 
t h e i s l a n d , w h i l e o t h e r s were u n s t a b l e , b r e a k i n g down and 
r e f o r m i n g i n d i f f e r e n t groups. 
F u l l day o b s e r v a t i o n s , t o st u d y t h e s t r u c t u r e s o f these 
creches, were i n s u f f i c i e n t t o reduce t h e e r r o r s i n v o l v e d 
when c a l c u l a t i n g t h e d e c l i n e i n brood s i z e , a t e c h n i q u e 
used f o r c a l c u l a t i n g m o r t a l i t y . I t was, t h e r e f o r e , necessary 
t o r e c o r d t h e numbers o f d u c k l i n g s and a l l o t them t o age 
c l a s s e s . 
The v e r y slow g r o w t h o f t h e d u c k l i n g s made t h e use o f 
st a n d a r d age c l a s s i f i c a t i o n s o f w a t e r f o w l ( e . g . Southwick 
1953) o v e r s i m p l i f i e d . A scheme was d e v i s e d based on changes 
i n down c o l o u r and s i z e (comparable t o a d u l t s ) observed i n 
a known brood o f d u c k l i n g s . ( T a b l e , l ) . 
The age c l a s s e s used were seven-day p e r i o d s , b u t a f t e r 
t h e f i r s t few weeks d i f f i c u l t y i n d i s t i n g u i s h i n g between 
t h e c l a s s e s arose and t h e age i n t e r v a l s a l t e r e d t o f o u r t e e n 
day p e r i o d s . A f t e r about t h e seventh week o f l i f e some o f t h e 
s u r v i v i n g broods were r e c o g n i s e d i n d i v i d u a l l y and these 
a i d e d i n t h e ag e i n g o f unknown broods. 
9. 
Age c l a s s 
weeks. 
D e s c r i p t i o n . 
0 - 2 v e r y s m a l l ~ i - 1/6 s i z e o f a d u l t , 
d a r k brown - b l a c k down, 
head markings d i s t i n c t . 
3 - 4 £ s i z e o f a d u l t , 
down l i g h t e r i n c o l o u r , 
head markings l e s s d i s t i n c t . 
5 - 6 A \ s i z e o f a d u l t , 
down l i g h t brown - no head markings. 
1st s i g n s o f f e a t h e r s on f l a n k . 
7 - 8 .A •| s i z e o f a d u l t , 
down - patchy on head, 
f e a t h e r s more predominant. 
9 - i o almost f u l l s i z e o f a d u l t female, 
f e a t h e r s d a r k brown - o v e r a l l 
c o l o u r d a r k e r t h a n a d u l t female. 
TABLE I : AGE CLASSIFICATION SCHEME. 
By a l l o t t i n g t h e d u c k l i n g s t o these age groups t h e 
maximum number o f d u c k l i n g s o f each age group, observed i n 
each week can be found and s u r v i v a l s e s t i m a t e d from t h e 
t o t a l s . T h i s method o f c o u n t i n g and a g e i n g does n o t t a k e 
i n t o account t h e number o f d u c k l i n g s which d i e d b e f o r e l e a v i n g 
t h e i s l a n d o r those w h i c h came t o t h e w a t e r and disapp e a r e d 
between co u n t s . The t o t a l s found f o r each age group t h u s 
10 
r e p r e s e n t s an e s t i m a t e o f t h e minimum number o f d u c k l i n g s 
known t o have s u r v i v e d t h r o u g h each week. 
I n c o n j u n c t i o n w i t h t h e r e c o r d s o f l i v e d u c k l i n g s , 
r e c o r d s o f dead d u c k l i n g s were made. Every second day, 
a f t e r h i g h t i d e , t h e t i d e - l i n e , f o r t h e whole o f t h e 
i n t e n s i v e study area, was searched. Records were kept 
o f a l l t h e dead b i r d s found, n o t i n g t h e d a t e , s t a t e o f t h e 
b i r d ( whether f r e s h o r o l d ; complete o r r e m a i n s ) . 
The b i r d s were marked (by removing t h e r i g h t l e g ) and 
b u r i e d , t o a v o i d r e c o u n t i n g . Measurements o f l e g l e n g t h 
and age e s t i m a t i o n were made f o r dead e i d e r d u c k l i n g s . 
A s e r i e s o f dawn t o d a r k s t u d i e s were made, o b s e r v i n g 
p a r t i c u l a r broods t h r o u g h o u t t h e day, t o observe any deaths 
w i t h i n t h e broods and t h e cause o f d e a t h . 
3-5 Methods o f S t u d y i n g Feeding B e h a v i o u r . 
The f e e d i n g b e h a v i o u r o f a d u l t s and d u c k l i n g s was 
s t u d i e d , n o t i n g f e e d i n g grounds and g e n e r a l f e e d i n g t i m e s 
i n r e l a t i o n t o t i m e and t i d e . A s e r i e s o f t w e n t y dawn t o 
d a r k s t u d i e s were made t o r e c o r d t h e d a i l y f e e d i n g a c t i v i t y , 
( expressed as t h e percentage o f b i r d s f e e d i n g a t i n t e r v a l s 
t h r o u g h o u t the d a y ) , o f a) male e i d e r s , b) female e i d e r s 
w i t h o u t d u c k l i n g s , c) female e i d e r s w i t h d u c k l i n g s 
d) d u c k l i n g s . 
A q u a l i t a t i v e a n a l y s i s was made o f t h e faeces o f d u c k l i n g s 
and females, c o l l e c t e d a f t e r p e r i o d s o f b r o o d i n g . 
PART FOUR 
RESULTS AND ANALYSES 
4.1 A d u l t P o p u l a t i o n . 
The average, maximum and minimum numbers, and r a t i o 
o f t h e numbers o f males per 100 female a d u l t e i d e r s , 
observed on t h e water, t h r o u g h o u t t h e months o f May t o 
August, a r e pre s e n t e d i n Table 2. 
Over t h e whole s t u d y p e r i o d t h e maximum number o f 
females observed was 443 and t h e maximum number o f males 
was 476; a r a t i o o f 107 males per 100 females. 
D u r i n g May, d e p a r t u r e o f females, t o p a r t i c i p a t e i n 
n e s t i n g a c t i v i t i e s on t h e i s l a n d , c r e a t e d a " d i p " i n 
numbers, which rose a g a i n i n e a r l y June when d u c k l i n g s 
were b r o u g h t t o t h e mainland. (Graph l a ) . 
A f u r t h e r d r o p i n numbers appeared i n l a t e J u l y , when 
the females observed tended t o be those w i t h s u r v i v i n g 
broods, o r " a u n t i e s " a s s o c i a t e d w i t h t h e broods. The 
non-breeders and u n s u c c e s s f u l b r e e d e r s had moved away from 
t h e b r e e d i n g area by mid-August. 
"The " d i p " i n t h e number o f females was f o l l o w e d i n 
e a r l y June, by a drop i n t h e number o f a d u l t males seen 
on t h e w a t e r , (Graph l b ) , which rose a g a i n by m i d - l a t e 
June. Towards t h e end o f J u l y t h e number o f males dropped 
suddenly. Large numbers o f males disap p e a r e d from t h e 
b r e e d i n g area w i t h i n t h e same day, f l o c k s o f 100+ b e i n g 
observed f u r t h e r n o r t h i n t h e g e n e r a l study area. By 
the end o f t h e st u d y p e r i o d no males were seen i n t h e 
graph 1(g-b). 
1a) Number of adult female Eiders counted on the 
water, May-August 1975. 
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13. 
i n t e n s i v e study area. 
The d i f f e r e n c e i n the behaviour of male and female 
eiders i s shown i n the v a r i a t i o n of the sex r a t i o , (ex-
pressed as the numbers of males per 100 females seen on the 
wa t e r ) , throughout May t o August (Graph 2 ) . 
Pour d i s t i n c t phases are present. During early-mid 
May the sex r a t i o was high. This represents the period of 
i n c u b a t i n g when the females remained on the i s l a n d , and 
the males stayed w i t h i n the breeding area. 
Between mid-May and early-June, the r a t i o decreased as 
the hatching period progressed and females l e f t the i s l a n d 
w i t h t h e i r broods. The males remained i n the breeding area 
d u r i n g t h i s period. Towards mid-June the number of males 
per 100 females, was f a i r l y constant but low, ranging from 
50 - 90 males/100 females. This can be accounted f o r by 
the d a i l y disappearance of some males from the breeding ground, 
presumably going n o r t h to feed, f l o c k s being observed f u r t h e r 
along the c o a s t l i n e . The remainder of males stayed around 
the i s l a n d u n t i l l a t e J u l y , when they went i n t o e c l i p s e 
plumage, and then l e f t the study area, the sex r a t i o f a l l i n g 
t o zero by mid-August. 
The t o t a l number of one-year o l d eiders observed d i d not 
exceed twelve at any one time. Seven males and f i v e females 
were d i s t i n g u i s h e d from the ad u l t e i ders. 
4.2 Breeding Numbers. 
The number of nests made on Coquet I s l a n d was 240 (J.C. 
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Coulson pers. comm.) and t h i s f i g u r e was taken t o equal 
the number of breeding females. Thus some 54$ of 
maximum number of females observed were breeding. 
The d i f f e r e n c e between the maximum and minimum of 
the' " d i p " observed i n the numbers of females i n May, 
gave an estimate of 412 females l e a v i n g the water. The 
number of unsuccessful breeders and non-breeding "aunties' 1 
included i n t h i s estimate t h e r e f o r e , produce a considerable 
i 
e r r o r of some 200 females. 
4.^ Duckling Popu1ation. 
The p o t e n t i a l d u c k l i n g p o p u l a t i o n was estimated from 
the nest number on Coquet and the average c l u t c h size 
recorded f o r 1975. 
Nest Number = 240 (J.C. Coulson pers . coinm). 
Average c l u t c h s i z e = (J.C.Coulson pers.comm). 
P o t e n t i a l d u c k l i n g number = 919. 
• The number of s u c e s s f u l l y hatched ducklings was estimate 
by a l l o w i n g f o r egg losses through nest d e s e r t i o n by the 
i n c u b a t i n g females, p o s s i b l e egg predation, i n f e r t i l e eggs. 
The o v e r a l l loss through these causes was estimated not t o 
exceed 10$ of the p o t e n t i a l number of eggs (R.Gomes. Warden, 
pers. comm.). Thus an estimated 827 ducklings hatched 
s u c c e s s f u l l y . 
4.4 S u r v i v a l of Ducklings. 
The d a i l y records o f e i d e r ducklings, of a l l ages, are 
shown on Graph 3- The f i r s t d ucklings were observed on 29 
May 1975* from which date " d u c k l i n g observation weeks" were 
Number of d u c k l i n g s c o u n t e d on t h e water , w i t h i n the 
i n tens i ve s t u d y a rea , May-August , 1975. graph 3. 
Nos. 
ducklings. 
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May June . July. (1975) 
•I 
1 
Age i n t e r v a l s j 
weeks i 
] . 
1 1 
O ': 
C ! 
i ' 
1/2 3/4 5 /6 7 / 8 . .9/10 11/12 
i i 
Obser- ' Keeks 
v a t i o n 
beginning: 
29 May I 68 68 
1 
5 June I I 182 43 203 
12 June I I I 196 117 i I230 i 
28 
19 June IV 93 123 U98 
i 
84 
26 June V 42 60 93 94 19 
3 J u l y VI 21 39 60 63 55 
10 J u l y V I I 13 19 30 76 46 19 
17 J u l y V I I I 15 5 i 15 50 26 28 
24 July IX 7 
1 
7 I 
11 15 43 21 16 
31 July X 3 5 8 30 i 0 l u 28 
7 August XI 1 1 10 15 20 12 16 
14- August X I I 1 4 14 3 16 
21 August X I I I 18 12 
28 August XIV 0 
18 
T o t a l s : 
1 , 
641 418 917 426 238 120 77 62 
TABLE 3: Maximum numbers of eider ducklings., of the same 
age category, observed i n each observation week, 
i n c l u d i n g the regrouping of age categories 1 and 2. 
begun. Fourteen ( I - XIV) observation weeks were made. 
The t o t a l number of ducklings observed, on any one 
day, d i d not exceed 240. Towards the end of the study 
period 62 ducklings were s t i l l a l i v e , of which 46 were 
older than ten weeks. 
Table 3 gives the minimum numbers of ducklings observed 
w i t h i n each age category, f o r each observation week. The 
minimum number of d i f f e r e n t ducklings observed, from the 
mainland, throughout the study period, was estimated t o 
be 6 4 l . Thus an estimate of 186 ducklings disappeared 
d u r i n g t h e i r f i r s t three days of l i f e before being counted. 
(Three days being an estimate of the maximum time taken 
between hatching and reaching the mainland). 
Prom the s u r v i v a l numbers of ducklings recorded, an 
age-specific s u r v i v a l t a b l e was constructed f o r the f i r s t 
t hree weeks of the ducklings' l i v e s (Table 4) (Southwood, 
1966) 
Age i n t e r v a l 
(x) weeks 
Survivors ( ( x ) at 
s t a r t of each x. 
min; estimate. •• 
S u r v i v a l r a t e 
Cqx") from (x) 
to (x+1) 
Log Survivors 
L o g 1 0 ( l x ) . 
0 - 2 917 0.46 2.96 • 
2 - 4 426 O.56 2.63 
4 - 6 258 0.50 2.38 
6 - 8 120 0.64 2.08 
8 - 1 0 77 0.81 1.89 
10 - 12 62 - 1.79 
TABLE 4: S u r v i v a l numbers and rates f o r the f i r s t twelve 
weeks of l i f e of the ducklings. 
17. 
The age i n t e r v a l used (x) was fourteen days. The 
number of i n d i v i d u a l s s u r v i v i n g ( l x ) at the beginning 
of each age i n t e r v a l were the minimum values estimated 
from the d a i l y observations - (see Table 3 ) . The estimates 
f o r one and two week o l d ducklings were regrouped, from 
the o r i g i n a l data, t o give the minimum es t i m a t i o n over 
the fourteen day i n t e r v a l . 
From these two sets of i n f o r m a t i o n , the s u r v i v a l r a t e ^ v 
(qx) f o r each age group was determined. A s u r v i v o r s h i p 
curve, f o r the ducklings, was drawn (Graph 4 ) . This 
describes the f a l l - o f f i n numbers of s u r v i v o r s ( l x ) of 
known years ( x ) . The shape of the s u r v i v o r s h i p curve 
obtained describes the d i s t r i b u t i o n of s u r v i v a l w i t h age. 
I n t h i s study the curve obtained shows an i n i t i a l , 
r a p i d drop i n numbers s u r v i v i n g i n t h e i r f i r s t few weeks 
of l i f e , followed by a more steady f a l l i n numbers over the 
next f i v e - s i x weeks. By the n i n t h and t e n t h weeks of l i f e , 
the drop i n numbers tends towards zero. 
The value of 919 (estimated p o t e n t i a l d u c k l i n g population) 
when p l o t t e d on the s u r v i v o r s h i p curve, i l l u s t r a t e s the 
d i f f i c u l t y encountered i n s u c c e s s f u l l y a l l o t t i n g ducklings 
to t h e i r c o r r e c t age groups. The r a t e of s u r v i v a l (qx) as 
opposed to the a c t u a l numbers s u r v i v i n g , appears t o have 
two r a t e s , dependent on the age of ducklings. 
Up t o the f i f t h and s i x t h weeks of l i f e , the s u r v i v a l 
r a t e appears t o be constant, having an average value of 
0.51 - 0.04 of the t o t a l s u r v i v i n g through a fourteen day 
i n t e r v a l . 
Surv i vo r sh ip c u r v e for duck l i ngs 
0-12 weeks of age. g r a p h 4-
Nos 
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18. 
A f t e r the s i x t h week of l i f e , the s u r v i v a l r a t e appears 
to change, i n c r e a s i n g w i t h increase i n age of the ducklings. 
Thus duri n g the f i r s t s i x weeks of l i f e , the s u r v i v a l r a t e 
appears t o be independent of the age of ducklings, while 
the increase i n s u r v i v a l a f t e r the s i x t h week, i s dependent 
upon age. 
This p a t t e r n of s u r v i v a l d i f f e r s from t h a t found by-
Milne (197^)., who found i n , years of w e l l synchronized 
hatching (e.g. 1962) a ra p i d d e c l i n e i n d u c k l i n g numbers 
i n the f i r s t week of l i f e , followed by a f l a t t e n i n g o f f 
i n m o r t a l i t y . I n years of p r o t r a c t e d hatching, however, 
Milne found a slower decline i n numbers a f t e r hatching 
(e.g. 1961). 
A p l o t of the l o g of s u r v i v o r s against the age, was 
drawn t o describe the s u r v i v a l r a t e w i t h age (Graph 5). 
The curve obtained i m p l i e s an i n i t i a l low, but constant, 
r a t e of s u r v i v a l which, w i t h age, f l a t t e n s o f f g i v i n g a 
second higher r a t e of s u r v i v a l . The f l a t t e n i n g - o f f 
appears between the f o u r t h and s i x t h weeks of l i f e . ' ! 
The type of s u r v i v o r s h i p curve obtained resembles a 
cross between a type I I and type I I I s u r v i v o r s h i p curve 
( a f t e r Deevey, 19^7) and i t s importance w i l l be discussed 
l a t e r . 
The o v e r a l l percentage s u r v i v a l f o r the f i r s t twelve 
weeks o f l i f e was estimated t o be 7-50 - 0.91$. 
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4.5 The E f f e c t of Hatching Period on S u r v i v a l . 
The e f f e c t of date of hatching on the s u r v i v a l of 
ducklings was also considered. 
The hatching period was concentrated i n t o the f i r s t 
Y_I Observation weeks (29 May - 10 J u l y ) , by which time 
94$ of the ducklings had been seen. The remaining 6$ 
were spread over the f o l l o w i n g f i v e observation weeks 
(10 J u l y - 14 August), suggesting a more p r o t r a c t e d 
hatching period, such t h a t a period was reached when the 
a d d i t i o n of new broods was balanced by m o r t a l i t y . This 
created a f l a t t e n e d peak i n the numbers of ducklings 
observed (see Graph 2). 
Cohorts of ducklings, hatched w i t h i n the same observ-
a t i o n week, were followed through t h e i r l i v e s . Table 5 
gives the percentage s u r v i v a l s from one age i n t e r v a l t o 
the next and the o v e r a l l percentage s u r v i v a l s , f o r weeks 
one to twelve of l i f e , f o r each cohort. 
I n d i v i d u a l marking of the ducklings was not possible 
and the use of age categories was again necessary f o r 
ageing the cohorts. 
From Table 5 i t appears t h a t those ducklings, hatched 
d u r i n g the f i r s t I I I 'observation weeks, show a s i m i l a r 
p a t t e r n w i t h low percentage s u r v i v a l s i n c r e a s i n g towards 
100$ s u r v i v a l w i t h increase i n age of the ducklings. 
Cohorts hatched during observation week IV appear t o 
have had a poor s u r v i v a l p a t t e r n throughout t h e i r l i v e s , 
w h ile cohorts hatched dur i n g observation weeks V and VI 
showed a high i n i t i a l s u r v i v a l which decreased w i t h 
20. 
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21. 
i n c r e a s i n g age of the ducklings. 
Ducklings hatched a f t e r observation week VI were 
few i n number, which i s r e f l e c t e d i n the high standard 
e r r o r values c a r r i e d by the percentage s u r v i v a l f i g u r e s . 
The number of weeks of s u r v i v a l also v a r i e d w i t h i n 
the d i f f e r e n t cohorts; e.g. ducklings hatched i n the 
f i r s t three weeks have some ducklings s u r v i v i n g t o t h e i r 
t e n t h week and beyond, while the cohort hatched dur i n g 
week IV had no ducklings s u r v i v i n g beyond t h e i r s i x t h week 
of l i f e . 
Cohorts hatched a f t e r observation week VI were not 
followed beyond t h e i r f i f t h week of l i f e , when the study 
ended. Of these ducklings however, few survived t o t h e i r 
f i f t h week. 
The d i f f e r e n c e i n s u r v i v a l s of the cohorts may have 
been caused by a number of f a c t o r s , both dependent and 
independent of age and date of hatching of the ducklings; 
e.g. weather c o n d i t i o n s , predation, food a v a i l a b i l i t y , disease. 
By considering the s u r v i v a l values f o r all-aged ducklings, 
observed dur i n g the same observation week, temporary, age-
independent f a c t o r s a f f e c t i n g s u r v i v a l would appear t o have 
an adverse e f f e c t on a l l ducklings. 
From Table 5 there appears t o be no trend showing a 
good, or bad, week f o r s u r v i v a l . 
The s u r v i v a l i n the f i r s t f i v e weeks increases w i t h 
i n c r e a s i n g age of ducklings, while a f t e r week V the s u r v i v a l s 
f l u c t u a t e showing no p a t t e r n w i t h increase of age. 
22. 
The week of hatching, however, does appear to have an 
e f f e c t on the o v e r a l l s u r v i v a l f o r the cohorts. 
The s u r v i v a l of cohorts hatched d u r i n g weeks I - IV 
decreased w i t h the l a t e r hatching date, towards zero 
s u r v i v a l i n week IV. The o v e r a l l s u r v i v a l of ducklings 
hatched i n week V increased t o 19.3$. 
Cohorts hatched a f t e r week V cannot be compared since 
data are not complete beyond the e i g h t h week of l i f e of 
those ducklings. Thus weeks I and V appear t o have 
produced the greatest o v e r a l l percentage s u r v i v a l s . 
4.6 D i s p e r s a l from:...Breeding Ground. 
Weekly counts made n o r t h and south of the i n t e n s i v e 
study area showed t h a t on no occasion were ducklings found 
t o the south of the breeding area. (Table. 6). 
Immediately t o the south of the study area l i e s Druridge 
Bay, approximately 8 kms. of open sandy bay. This o f f e r s no 
p r o t e c t i o n f o r ducklings, throughout i t s length, only one 
area of rocks being present (Hadston Carr. 1 km. south of 
Bondi C a r r ) , and these are exposed only d u r i n g s p r i n g t i d e s . 
I t i s suggested t h a t the lack of p r o t e c t i o n makes 
d i s p e r s a l away from the breeding area t o the south unfavour-
able. 
During observation week I I I , f ourteen ducklings were 
seen at Dunstanburgh Castle. These ducklings were i n t h e i r 
f i r s t week of l i f e and considered too young t o have t r a v e l l e d 
some 18 kms. i n t h e i r f i r s t few days, but were probably 
hatched along t h a t part of the coast. 
CD 
Xi 
-P 
Ca
st
le
 
1 
Po
in
t 
! 
No
rt
h 
i 
o O Q 
— I 
— i . 0 > 
rH 
o 
rH 
i 
r-i 
r-l 
CO 
j 
i 
1 
! 
LTV 
1 
• 
j-
ll
er
no
se
 
Po
in
t 
1 
o o O 6 o LT\ 0 > l>-
rH 
o 
rH 
CO ; 
o 
Ru
mb
li
ng
 
Ke
rn
 1 
o o o o 
OJ 
O CJ\ 
rH 
CVJ 
LTV 
o 
rH 
Ch 
rH 
o 
rH 
ai
me
r 
o o o o o o O O o o o 
• 
o 
Bo
i 
Se
at
on
 
Po
in
t 
o o o o CVJ 
•H 
0 0 
LT\ 
O LA o o o 
o. 
Xi 
i 
1 £ o o o o O O O O o o o; 
A I
nn
 
St
ud
y 
Ar
ea
 o CO CO 
CVJ 
rH 
CVJ 
r-l 
VO 
CVI 
CM 
<~i 
CO 
rH 
^ " 
0 0 CTv 
rH 
"vO 
1 ^ 
o\ 
4 
St
at
io
ns
 
So
ut
h.
 
So
ut
h.
 o o O 
i 
I 1 1 
! o O o o o o o o; 
4 
St
at
io
ns
 
So
ut
h.
 
So
ut
h.
 
1 
1 
1 
! 
CD LT\ 
-P O - Ma
y 
' J
un
e 
Ju
ne
 
Ju
ne
 
Ju
n e
 
Ju
ne
 
Ju
ly
 
Ju
ly
 
Ju
ly
 
Ju
ly
 
Au
gu
st
 
LA 
OJ 
rH 
•• 
». 
; r-l 
CM 
OJ 
OA 
OJ r-i : 
o 
O J . O J S 
OJ 
Xt 
c 
o 
xi 
m 
24. 
Apart from these few, the f i r s t ducklings seen n o r t h 
of the breeding ground, were s i t e d d u r i n g observation week 
IV, at Seaton Point and Rumbling Kern. A f t e r week V more 
ducklings were seen t o gather around Rumbling Kern and C u l l e r -
nose Point. 
On no occasion were ducklings seen at Alnmouth and 
Boulmer. Both of these areas are open str e t c h e s w i t h 
sandy bays and rocky s h o r e l i n e s , e a s i l y accessible t o 
the p u b l i c . The areas around Cullernose Point and 
Rumbling Kern are more sheltered bays, accessible by 
c l i f f paths. These areas may have provided more p r o t e c t i o n 
from weather and human i n t e r f e r e n c e . 
4.7 M o r t a l i t y . 
Apart from those ducklings observed f u r t h e r along the 
c o a s t l i n e , ducklings disappearing from the i n t e n s i v e study 
area were assumed dead, the t o t a l f i g u r e being established 
as 765. ,Tidal walks" 1'recovered 17 ducklings of which 10 
were complete and 7 were the remains of legs and ripped 
d own. 
The l e g lengths of the d u c k l i n g recoveries were 
measured (Table 7) and used as an age c r i t e r i o n , comparing 
the l e g lengths of whole ducklings, whose ages were 
estimated from size and down colour, w i t h the l e g lengths 
of the remains of ducklings. 
From the data i t appears t h a t a l l the dead ducklings 
were i n t h e i r f i r s t two weeks of l i f e . A l l the recoveries 
were made durin g observation weeks I I I t o IV. 
Date 
1975 
Leg Length 
• • • cms;• • • • 
State of remains Estimated 
age.Weeks 
1 13/6 6.6 complete, fresh 1/2 
2 13/6 6.5 complete, f r e s h 1/2 
3 15/6 6.9 remains l e g and down (1/2)* 
4 15/6 6.4 complete, f r e s h 1/2 
5 16/6 7.0 remains legs (1/2) 
6 17/6 6.8 complete, f r e s h 1/2 
7 19/6 6.7 remains legs and down (1/2) 
8 19/6 6.9 remains legs and down (1/2) 
9 19/6 6.8 complete, f r e s h 1/2 
10 20/6 6.5 complete, f r e s h 1/2 
11 22/6 6.8 remains (1/2) 
12 23/6 6.4 complete, f r e s h 1/2 
13 29/6 6.7 remains legs (1/2) 
14 29/6 6.9 remains (1/2) 
15 30/6 6.5 complete, f r e s h 1/2 
16 30/6 6.9 complete, f r e s h 1/2 
17 2/7 . . . 7.0 .. complete, f r e s h 1/2 
! 
TABLE 7: Dead ducklings found d u r i n g the study. 
( ) age estimated from l e g l e n g t h v,rhole remains whose 
ages were c l a s s i f i e d according tko down and s i z e . 
Observations of three of these deaths were made. I n 
two of these i n c i d e n t s death occurred a f t e r the ducklings 
had become separated from t h e i r broods. A f t e r a period 
of anxiety and searching the ducklings were washed ashore, 
and died soon a f t e r . Neither d u c k l i n g attempted t o feed 
w h i l s t searching f o r t h e i r groups. 
The t h i r d observation made was an a t t a c k made by a 
mature He r r i n g g u l l (Larus argentatus) on a s i n g l e d u c k l i n g , 
estimated t o be two weeks o l d . The d u c k l i n g was r e s t i n g 
on exposed rocks while the female was d i v i n g . The g u l l 
attacked from the a i r . Once the d u c k l i n g had been taken 
the female moved f u r t h e r out t o sea t o j o i n a f l o c k of 
d i v i n g females. 
No other successful attacks by g u l l s were seen despite 
a minimum of 2 h r s . observation each day. Attempts of 
predation were observed by mature and immature Lesser black-
backed g u l l s (Larus fuscus) and He r r i n g g u l l s . 
The attempts consisted of the g u l l s c i r c l i n g about and 
swooping down over broods of ducklings while they were 
feeding. When t h i s occurred the attendant females 
stretched t h e i r necks upwards and made g u t t e r a l sounds, at 
which the ducklings ran i n t o t i g h t groups around the females. 
I f several broods were close together they o f t e n formed 
a temporary creche, protected, on a l l sides, by females 
who continued to t h r u s t t h e i r beaks towards predators. 
When the predators l e f t , the creches broke down and the 
ducklings resumed feeding i n t h e i r i n d i v i d u a l broods. Four 
g u l l a ttacks were observed i n the estuary and seven attempts 
27 
were seen at Hauxley. 
4.8 Feeding Behaviour. 
Ducklings were brought t o feeding grounds by the 
females who remained w i t h them w h i l s t feeding. 
Three main areas were used by the duck l i n g s ; the 
exposed mud f l a t s and shallow waters of the estuary; 
along the harbour w a l l s ; the shallow waters at Hauxley. 
The f i r s t two o f these areas were used more o f t e n where 
broods remained separated. Very few s i n g l e broods were 
seen feeding, at Hauxley where two l a r g e creches, one- of 
34 ducklings w i t h 5 females and the other of 25 ducklings 
w i t h 4 females, were u s u a l l y present. These creches fed 
at low t i d e , d abbling a t the water's edge w h i l e the a t t e n d -
ant females o f t e n came out of the water and preened. 
Towards high t i d e these ducklings were taken out t o sea 
where they remained pecking at the surface water w h i l e the 
females dived. 
Periods of brooding took place on the exposed rocks at 
Hauxley and o c c a s i o n a l l y back on the shore of Coquet I s l a n d 
Ducklings brought i n t o the harbour t o feed, fed mostly 
on the incoming and ebbing t i d e s , dabbling among the frondF 
of algae and Fucus spp. attached t o the boulders. 
At high and low t i d e s the ducklings e i t h e r rested along 
the harbour w a l l or were taken f u r t h e r i n t o the estuary t o 
feed and r e s t . Occasionally ducklings were taken back out-
sea . 
28. 
Apart from the ducklings that came and went with the 
t i d e s , those taken i n t o the estuary tended to be the 
younger broods. One-two week old broods fed on the 
exposed mud f l a t s , s i f t i n g through the mud and shallow 
waters, the females accompanying them out of the water. 
A f t e r about ten days of l i f e d ucklings were seen d i v i n g 
f o r short periods. Brooding on the banks of the estuary 
was frequent throughout the day, but f o r short periods at 
a time. 
Ducklings o l d e r than about s i x weeks were r a r e l y seen 
i n the estuary but tended to stay i n the harbour, or j u s t 
o u tside the harbour where they dived f o r food i n the 
deeper water. By weeks seven andVeight they fed out a t 
sea. 
Samples of duc k l i n g f a e c e s revealed v a r i o u s plant 
m a t e r i a l remains and appendages from s m a l l c r u s t a c e a n s 
e.g. Gammaridae, Corophium sp. were found i n l a r g e numbers. 
D e t a i l e d observations of ducklings feeding p a t t e r n s , 
throughout complete days, were made. I n the younger 
du c k l i n g s , (between one - four weeks of age), two peaks 
of feeding a c t i v i t y were seen, one i n the morning and one 
i n the evening. (Graph. 6 a . b . c ) . The timing of these 
peaks appeared to be a f f e c t e d , i n the evening, by a high 
t i d e (1^ June) when ducklings tended to feed e a r l i e r 
(16.00 - 17.00 h r s ) than when a low t i d e occurred i n the 
evening, e.g. 5 June, feeding was between 19.00- 20.00 h r s . 
20 June feeding was between 17.50 - 18.30 h r s . 
S i m i l a r l y , the morning peak of a c t i v i t y was delayed 
Var ia t ion in f e e d i n g a c t i v i t y , of d u c k l i n g s , w i t h t ide 
and t ime. g raph 6(a-e). 
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when a high t i d e occurred i n the morning. (13 June). 
On a l l three days feeding was observed throughout the 
day by some ducklings, a smaller peak o f a c t i v i t y o c c u r r i n g 
j u s t before 14.00 - 15.00 h r s . , a f t e r which ducklings were 
seen r e s t i n g . 
Older ducklings seen feeding i n the estuary showed a 
more marked p a t t e r n of feeding, w i t h a period of feeding i n 
the evening, d i v i d e d by long r e s t i n g periods. (Graph 6.d.e). 
The patterns of feeding observed i n females, a t t e n d i n g 
broods, c l o s e l y resembled t h a t of the ducklings. 
When the ducklings were young and feeding i n shallow 
waters, the females fed by dabbling or up-ending. On 
several occasions, females feeding on the incoming t i d e i n 
the harbour area, were seen t o scratch, w i t h t h e i r f e e t , at 
the newly covered sand. A f t e r s c r a t c h i n g they dabbled, 
s i f t i n g through the upturned sand. Ducklings o f t e n took 
advantage of t h i s type of feeding, f o l l o w i n g the females 
and dabbling f o r disturb e d food. Some females were also 
seen t o dive f o r food, before t h e i r ducklings were d i v i n g . 
From f i e l d observations, a schematic diagram has been 
constructed t o i l l u s t r a t e the type of feeding behaviour 
observed i n the d i f f e r e n t aged ducklings and t h e i r females, 
(diagram 1.). Feeding behaviour has been d i v i d e d i n t o f o u r 
categories; dabbling only; dabbling and d i v i n g i n shallow 
water; d i v i n g i n shallow and deep water, but not dabbling; 
d i v i n g out at sea. 
The hatched areas represent the age when i t was observed 
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t h a t a p a r t i c u l a r feeding behaviour was c h a r a c t e r i s t i c to 
the m a j o r i t y of ducklings of t h a t age, and the age of 
ducklings when t h e i r females fed i n a p a r t i c u l a r way. 
Thus, f o r example, a l l ducklings less than one week old 
fed by dabbling only and by t h e i r t h i r d week of l i f e the 
m a j o r i t y fed by d i v i n g i n shallow waters. The females 
of these aged ducklings fed by dabbling, and d i v i n g i n 
shallow water. 
The d i v i s i o n between one feeding p a t t e r n and the next, 
i s not sudden but occurs over a period of time. This 
t r a n s i t i o n period has been represented by j o i n i n g the 
hatched areas. 
Three t r a n s i t i o n periods were observed f o r the ducklings 
The f i r s t was between weeks one and three of t h e i r l i v e s . 
The s u r v i v a l of ducklings d u r i n g t h i s t r a n s i t i o n i s not 
l i k e l y t o a l t e r very much since both types of feeding occur 
i n the same area. Thus i f the ducklings were i n e f f i c i e n t 
i n d i v i n g f o r food they could r e v e r t t o dabbling without 
having t o separate from t h e i r brood. 
S i m i l a r l y , the t r a n s i t i o n between d i v i n g i n deep and 
shallow water, and out at sea w i l l not a f f e c t the s u r v i v a l 
r a t e g r e a t l y , the ducklings having s u c c e s s f u l l y l e a r n t t o 
dive, have only to adapt t o deeper waters. 
The t r a n s i t i o n from dabbling and shallow water d i v i n g 
t o d i v i n g i n and around the harbour, where the water was 
shallow and deep ( r e s p e c t i v e l y ) , presents more of a 
problem t o the ducklings. 
Since i t i s l i k e l y t h a t more energy i s used d u r i n g 
-31.. 
d i v i n g than dabbling, unsuccessful d i v i n g attempts 
would decrease the energy reserves of ducklings and 
make f u r t h e r d i v i n g attempts d i f f i c u l t . I f the 
ducklings, during t h i s t r a n s i t i o n , are taken out i n t o the 
harbour, the o p p o r t u n i t y to dabble i s not present should 
t h e i r d i v i n g attempts be unsuccessful. The s u r v i v a l r a t e 
d u r i n g t h i s t r a n s i t i o n w i l l t h e r e f o r e depend upon the age 
at which ducklings are taken i n t o the deeper waters. 
For the m a j o r i t y of ducklings t h i s t r a n s i t i o n occurred 
between weeks f o u r and s i x of t h e i r l i v e s . 
Only two t r a n s i t i o n s were observed f o r the females, 
d i v i n g i n shallow water, up-ending and dabbling being 
observed as soon as the females brought the ducklings to 
the mainland. The two t r a n s i t i o n s both required a move-
ment t o d i f f e r e n t breeding grounds. 
I n the e a r l y part of June females w i t h broods fed 
a c t i v e l y i n the morning and evening. High t i d e s c o i n c i d i n g 
w i t h the morning peak caused a delay i n feeding, while a 
high t i d e i n the evening created an e a r l i e r peak i n a c t i v i t y . 
(12 June) (Graph 7«b.). 
Between the two peaks of a c t i v i t y , females fed through-
out the day, w i t h short r e s t .periods between 12.00 - 14.00 
hrs . , (Graph 7-b.c.) apparently i r r e s p e c t i v e of t i d e s . 
On 6 June (Graph 7a), females (whose ducklings were 
less than two weeks o l d ) fed more continuously throughout 
the day, there being no time when a l l females stopped 
feeding. 
Towards the end of July females were d i v i n g more 
Variat ion in feed ing ac t iv i ty , of females (wi th d u c k l i n g s ) , 
w i th t i de and time. g raph 7(a-d)-
Low t ide [High t ide 
b)12 June 
d)26 Ju ly 
5-00 700 900 1100 1300 1500 1700 1900 hrs 
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f r e q u e n t l y , when t h e i r ducklings were also d i v i n g . Their 
feeding p a t t e r n then took the form of three periods of 
a c t i v i t y (26 J u l y . Graph ?d.), one i n the morning, one i n 
the afternoon and one i n the evening. During the afternoon 
period only about 50% of the females were feeding a t any 
one time. 
This l a t e r p a t t e r n of feeding resembles, more c l o s e l y 
t h a t observed i n females without ducklings. These l a t t e r 
females showed a d i s t i n c t two-peaked feeding p a t t e r n 
(Graphs 8a.b.c.d.), and were observed feeding i n f l o c k s , 
out to sea, where t h e i r a c t i v i t y was a f f e c t e d by the t i d e s . 
D i v i n g was not common d u r i n g high or at low t i d e s , e.g. 
23 May, where a low t i d e coincided w i t h the evening peak and 
delayed feeding i n some females. On 21 J u l y , however, an 
early low t i d e brought the feeding peak forward. 
Feeding of the males v a r i e d throughout the study period. 
(Graphs 9^.b.c.). 
During May and the e a r l y part of June males stayed w i t h i n 
the i n t e n s i v e study area, d i v i n g i n f l o c k s , mid-way between 
Coquet I s l a n d and the mainland. 
Feeding was more frequent on the ebbing and incoming t i d e s 
than at high or low t i d e . (15 May: 22 May). 
Towards the end of June, males disappeared from the water 
a t low t i d e , some r e t u r n i n g t o r e s t on the i s l a n d , others 
l e a v i n g the i n t e n s i v e study area. Males t h a t remained i n 
the area had a period of feeding a c t i v i t y i n the afternoon, 
e.g. 1?' J u l y when feeding occurred a f t e r the low t i d e . 
Var 
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Faecal analyses f o r some adu l t eiders, revealed 
remains of mussel s h e l l and pieces of the exoskeleton 
of c r a b s j ^ Remains of small crustaceans were also found 
i n the faeces c o l l e c t e d from females w i t h ducklings. 
3*. 
PART FIVE 
DISCUSSION. 
The o v e r a l l s u r v i v a l of e i d e r ducklings, t o f l e d g i n g , 
f o r 1975, was low (7«50 t'O.91^) and represents an average ,( 
of 0.26 ducklings per breeding p a i r . (The same f i g u r e 5 was 
found f o r the colony at Forvie,_ where d u c k l i n g s u r v i v a l , / \ j Q ^ 
over a ten-year period, was 9.8$. (Milne and Reed, 1974). ~P 
(Table 8). 
The type of s u r v i v a l observed f o r the Coquet I s l a n d 
population represents a mixture of a type I I and type I I I 
s u r v i v a l curve ( a f t e r Deevey, 1947). The i n i t i a l s u r v i v a l 
r a t e being constant, but low (O.51) f o r the f i r s t f i v e - s i x 
weeks of l i f e (type I I ) , a f t e r which the r a t e increased 
w i t h increase i n d u c k l i n g age, such t h a t those ducklings 
which survived beyond t h e i r s i x t h week of l i f e had a 
r e l a t i v e l y high expectance of f u r t h e r l i f e (type I I I ) . 
This p a t t e r n of s u r v i v a l d i f f e r s from t h a t found by Milne 
(1974), where d u c k l i n g s u r v i v a l was found to be low f o r 
the f i r s t week of l i f e (a maximum of 0.45 f o r 1961 and '62), 
a f t e r which i t increased w i t h d u c k l i n g age. 
The r e s u l t of the low d u c k l i n g s u r v i v a l , at Coquet, i s 
t h a t there w i l l be very l i t t l e recruitment to the a d u l t 
breeding population i n 1977- S i m i l a r l y , from the 1974 
d u c k l i n g population, a maximum of twelve one-year o l d 
ducklings were observed. I f i t i s assumed t h a t one-year 
ol d ducklings do not stay away from the breeding area, then 
the s u r v i v a l r a t e f o r 1974 was again low, and recruitment 
to the 1976 breeding population w i l l be low. 
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Coquet I s l a n d 
p o p u l a t i o n 1975-
Forvie p o p u l a t i o n 
1 9 6 i - 70 (Milne, 
19T-' i) . 
Hatching success 90$ 6^$ 
$ s u r v i v a l of 
ducklings t o 
f l e d g i n g . 
7-5$ 9 . 8 $ 
Nos. d u c k l i n g 
s u r v i v i n g per 
breeding p a i r . 
0 . 2 6 0 . 2 6 
% s u r v i v a l over 
1 s t few weeks. 
51$ constant 
f o r weeks 
• 1 - . 6 
45$ i n 1 s t week ( 1 9 6 I and 1 9 6 2 ) . j 
d u c k l i n g loss 
through g u l l 
p r e dation 
low (1$ observed) hig h . | 
% ducklings 
i n v o l v e d i n 
creche system. 
Y% (low) high . 
TABLE: 8. A summary of breeding success found on Coquet 
I s l a n d ( 1975) compared w i t h t h a t found at 
Forvie ( 1 9 6 1 - 1970) by Milne, ( 1 9 7 4 ) . 
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I f the eider population i s t o remain constant, or 
increase i n s i z e , then the low d u c k l i n g recruitment must be 
balanced by a high s u r v i v a l r a t e f o r the a d u l t population 
(or low e m i g r a t i o n ) , or the number of immigrants must 
increase. A l t e r n a t i v e l y , the years of low f l e d g i n g output 
could be interspersed w i t h years of high f l e d g l i n g output, 
as observed f o r the Forvie population (Milne, 1 9 7 4 ) . 
For the Coquet popu l a t i o n , the s u r v i v a l r a t e f o r the 
breeding eiders i s about 0 . 92 and the number of breeding '^p* 
ducks 350 (J.C.Coulson pers. comm.). Thus some 60 ducklings 
w i l l be required t o maintain the population provided no 
emigration occurs. I n 1977 t h e r e f o r e , any increases i n the 
a d u l t population w i l l not be the r e s u l t of i t s own reprod-
u c t i v e output. 
The date of hatching of eiders appears t o have favoured 
the o v e r a l l success of ducklings hatched e a r l y i n the season. 
Milne (1974) has suggested t h a t l a t e nesters, at Forvie, 
were the inexperienced young b i r d s , which fed less e f f i c i e n t l y 
p r i o r to egg l a y i n g and t h e r e f o r e gained a lower p r e - l a y i n g 
weight and t h i s produced fewer and smaller eggs. 
Evidence from Kitt,ewake (Rissa t r i d a c t y l a ) breeding 
behaviour (Coulson/) has suggested t h a t a d e c l i n e i n c l u t c h ^ 
IV 
s i z e towards the end of the l a y i n g period i s the r e s u l t of 
the breeding s t a t e of the b i r d . Thus the e a r l y breeding 
Kitte'wakes were the f i t t e s t f o r breeding, the l a t e r breeders 
less e f f i c i e n t but not n e c e s s a r i l y the youngest. 
For e i d e r ducks, the p r e - l a y i n g feeding s t r a t e g y would 
t h e r e f o r e be important, the more e f f i c i e n t b i r d s l a y i n g 
e a r l i e r . 
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The e f f i c i e n c y of the e a r l i e r l a y i n g b i r d s may have 
r e s u l t e d i n the high rate of s u r v i v a l of t h e i r ducklings, 
however, data on egg size and hatching date were not 
a v a i l a b l e f o r the Coquet eiders. 
High m o r t a l i t y of eider ducklings has been observed 
i n many populations, the causes of death o f t e n being 
a t t r i b u t e d t o predation by g u l l s and crows, p a r t i c u l a r l y 
at the egg stage, (e.g. Ahlen and Anderson, 1970; Milne, 
1974; Milne and Reed, 1974: Campbell, 1 9 7 5 ) . 
I n t h i s study, an estimate of a 10$ loss of eggs, though 
g u l l predation, i n f e r t i l i t y and nest d e s e r t i o n , was made. 
This f i g u r e was low compared t o egg losses of 21$ i n Scotland 
(Milne, 1 9 7 4 ) , 20$ on Spitzbergen (Campbell, 1975) and as high 
as 70% o f f the coast of Maine (Bourget 1973) and 73$ on 
Spitzbergen (Ahlen and Anderson, 1 9 7 0 ) , being recorded 
f o r various sub-species of the common eider. 
Compared w i t h these s t u d i e s , g u l l predation on Eider's 
eggs, on Coquet, was considered unimportant. 
About a hundred p a i r s of h e r r i n g g u l l s and less e r black-
backed g u l l s were breeding on Coquet. Carrion crows 
(Corvus corone) were r a r e l y seen in. the study area, and on 
no occasion were any seen f l y i n g t o Coquet. 
Evidence of g u l l p redation on hatched ducklings, t h a t 
had l e f t the i s l a n d , suggested t h a t i t was an unimportant 
m o r t a l i t y f a c t o r d u r i n g the day. 
During a minimum of 2 h r s . daytime observation throughout 
June and Ju l y ( i . e . a minimum of 122 hrs. o b s e r v a t i o n ) , 
only one successful and eleven unsuccessful g u l l a t tacks 
were observed. Possible g u l l predatlon at n i g h t was 
not studied. 
Despite the s i m i l a r i t y i n the s u r v i v a l r a t e of 
ducklings of Coquet w i t h those of Forvie, the cause of 
m o r t a l i t y i s not the same, (see Table 8 . ) . 
The recovery of ducklings assumed dead, was very low, 
a l l of which were i n t h e i r f i r s t two weeks of l i f e . 
Of the recoveries 4 l $ were the remains of ducklings which 
had e i t h e r been k i l l e d for food or eaten a f t e r being washed 
ashore e.g. by c a r r i o n crows. 
No observations of the l a t t e r were made and avian 
predation was low when ducklings were on the water. 
Observations of other predators e.g. f i s h , fox, were not 
observed dur i n g the day. 
('Tidal walks^'were not made beyond the i n t e n s i v e study 
area, t h e r e f o r e any ducklings washed ashore i n these areas 
were not recorded. S i m i l a r l y , ducklings t h a t l e f t the 
i n t e n s i v e study area and died inbetween the weekly census' 
made, were not recorded. 
I f the large number of ducklings missing had l e f t the 
study area, then a corresponding decrease i n the number of 
females would be expected. Numbers of females were not 
observed t o decrease u n t i l the beginning of J u l y , while 
the greatest m o r t a l i t y of ducklings was observed i n t h e i r 
f i r s t few weeks of l i f e . 
D i s p e r s a l and subsequent death may, t h e r e f o r e , account 
f o r a small p r o p o r t i o n of the disappearances of ducklings, 
but does not account f o r the large numbers disappearing 
3 9 -
e a r l y i n the study period. 
The remainder of the t i d a l recoveries (59$) were 
complete ducklings, the death of two of these was observed 
a f t e r separation from the parent, followed by anxiety and 
possible s t a r v a t i o n . 
Separation as an a i d to death, e i t h e r through subsequent 
s t a r v a t i o n and increased chances of predation, may have 
been important i n t h i s study d u r i n g l a t e July - August. 
During t h i s period t h i c k , s e a - f r e t s came i n l a n d w i t h the 
t i d e s , reducing v i s i b i l i t y t o a few metres. The r a t e of 
m o r t a l i t y d u r i n g July and August was low and t h e r e f o r e , 
w h i l e separation and death may have been experienced dur i n g 
the sea f r e t s , they do not account f o r the e a r l i e r , low 
s u r v i v a l rates observed i n the younger ducklings. 
Evidence, f o r death through lack of food, i s not 
conclusive from t h i s study, however, q u a l i t a t i v e analyses 
of the feeding behaviour of the ducklings and ad u l t eiders 
are u s e f u l when considering the possible causes f o r the change 
i n s u r v i v a l r a t e , observed a f t e r weeks f i v e / s i x of l i f e . 
Ducklings observed i n one l o c a l i t y (Hauxley), formed 
small, but permanent creches. The t o t a l number of ducklings 
involved i n these creches d i d not exceed of the t o t a l 
number of ducklings observed, and t h e r e f o r e feeding behaviour 
observed w i t h i n these systems was not c h a r a c t e r i s t i c of the 
m a j o r i t y of the du c k l i n g population. 
I t i s i n t e r e s t i n g t o note, however, t h a t the creches were 
found only i n t h i s one l o c a l i t y where ducklings and t h e i r 
females came together, along the same s t r e t c h of exposed 
s h o r e l i n e , (approximately 40m), at low t i d e to feed. 
At high t i d e , the ducklings were taken out., to sea, where 
only the females dived f o r food. 
This behaviour, w i t h i n the creche, i s d i f f e r e n t from 
t h a t observed w i t h i n the Porvie creches (Milne and Gorman, 
1972) where ducklings and females feed i n d i f f e r e n t areas, 
at the same time of day, females spending, on average, 4 
days w i t h t h e i r broods. 
Temporary creches were observed i n the estuary area, 
when g u l l a ttacks were attempted. I f i n d i v i d u a l broods 
were feeding close to one another on the mud f l a t s , and 
avian predators were observed, the ducklings amalgamated, 
d i s p e r s i n g soon a f t e r the predator had gone. (This was 
observed i n three out of the four attacks observed i n 
t h i s area). Temporary creches were not seen at any other 
time i n the study area. 
Apart from the small p r o p o r t i o n of ducklings forming 
creches, the feeding behaviour of the remaining ducklings 
and t h e i r females was found t o vary w i t h age of the 
du c k l i n g . 
The female remained w i t h her brood, w e l l i n t o t h e i r 
n i n t h week of l i f e and beyond. The feeding behaviour of 
the female was found t o c l o s e l y resemble t h a t of her 
ducklings, feeding being more or less continuous throughout 
the day,, when the ducklings were young and decreasing i n 
the middle of the day as the ducklings grew. 
When the ducklings were i n t h e i r s i x t h and seventh 
weeks, a two-peak d a i l y a c t i v i t y was est a b l i s h e d , s i m i l a r 
to t h a t observed i n non-breeding females. 
When the ducklings were too young t o dive e f f i c i e n t l y , 
f a e c a l analyses revealed remains of various crustacean i n t h e i r 
d i e t . The high c a l o r i f i c requirement of the ducklings 
(found to equal t h a t of a d u l t females by t h e i r t h i r d week 
of l i f e , Cantin, Bedard and Milne, 1 9 7 4 ) , would t h e r e f o r e 
necessitate continuous feeding throughout the day, t o 
f u l f i l t h e i r requirements. 
The females, were feeding on mussels, crabs and c r u s t -
aceans and continous feeding was required presumably to 
enable them t o recoup weight losses encountered d u r i n g 
t h e i r long periods of i n c u b a t i o n , without food. 
I t i s suggested t h e r e f o r e , t h a t as the ducklings, at 
Coquet, grew they became more e f f i c i e n t i n d i v i n g f o r 
mussels. Thus t h e i r food requirements were f u l f i l l e d 
more q u i c k l y as they became more e f f i c i e n t , such t h a t 
two d a i l y peaks of a c t i v i t y were s u f f i c i e n t . 
I t i s f u r t h e r suggested t h a t the i n e f f i c i e n c y i n feeding 
technique, p r i o r t o d i v i n g , may e x p l a i n the lower s u r v i v a l 
r a t e observed w i t h i n the f i r s t s i x weeks of a duckling's 
l i f e . 
This low s u r v i v a l r a t e corresponds t o the time of l i f e 
when ducklings fed by dabbling and d i v i n g i n shallow water. 
The increase i n s u r v i v a l r a t e occurs around the weeks 
seven and eight of l i f e , by which time ducklings are d i v i n g 
i n deep water, having l e a r n t to dive s u c c e s s f u l l y , t h e i r 
s u r v i v a l r a t e increases. 
To support these ideas f u r t h e r work on the type of 
of food consumed and the e f f i c i e n c y i n o b t a i n i n g the 
food, i n terms of energy expenditure and energy i n t a k e , 
would be necessary. 
From t h i s work t h e r e f o r e , i t has been found t h a t while 
the high d u c k l i n g m o r t a l i t y at Coquet, was not caused 
by day time g u l l predation, feeding behaviour studies 
have led t o the t e n t a t i v e suggestion t h a t , the e f f i c i e n c y 
of feeding techniques and type of food consumed may be 
the important f a c t o r s i n d u c k l i n g s u r v i v a l . 
43. 
ACKNOWLEDGEMENTS 
I would l i k e t o thank Dr. J.C.Coulson who supervised 
t h i s study and provided data on the breeding b i o l o g y of 
the Eider on Coquet. I am also g r a t e f u l f o r h i s advice 
and c o n s t r u c t i v e c r i t i c i s m throughout the preparation 
of t h i s work. I would also l i k e t o acknowledge R.Gomes 
(Warden on Coquet I s l a n d ) f o r h i s estimate of egg losses 
on Coquet. 
44.' 
SUMMARY 
The maximum number of a d u l t eiders observed w i t h i n 
the study area was 919* 476 male, 443 female. 
The number of breeding females was 240 (54$ of the 
maximum number of female 1). Estimation of the breeding 
/-.. 
numbers, from the departure of females from the water i n 
May, was 412 and included some 200 unsuccessful and non-
breeding ducks. 
From the nest t o t a l (240) and average c l u t c h size 
( 3 . 8 3 ) a p o t e n t i a l of 919 ducklings was c a l c u l a t e d . 
A l l o w i n g a 10$ egg loss through i n f e r t i l i t y , predation, 
and nest d e s e r t i o n , gave an estimate of 827 s u c c e s s f u l l y 
hatched ducklings. 
A minimum of 64l d i f f e r e n t ducklings were observed, 
thus some 186 disappeared before being counted. At the 
end of the study period 62 ducklings were a l i v e , represent-
in g an o v e r a l l percentage s u r v i v a l of 7-5$* thus recruitment 
to the a d u l t population i n 1977 w i l l be low. 
A su v i v o r s h i p curve was p l o t t e d f o r the f i r s t twelve 
weeks of l i f e . The *type of curve obtained was a cross 
between a type I I and type I I I curve ( a f t e r Deevey, 1 9 4 7 ) . 
The r a t e of s u r v i v a l f o r the f i r s t s i x weeks of l i f e 
was constant, ( 0 . 5 1 ) . A f t e r the s i x t h week of l i f e the 
ra t e of s u r v i v a l increased w i t h increase i n d u c k l i n g age, t 
0 . 8 l by week ten. 
94$ of the ducklings hatched between 29 May - 10 J u l y , 
the remaining 6$ between 10 J u l y - 14 August. 
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Cohorts hatched dur i n g weeks I and V had the greatest 
o v e r a l l percentage s u r v i v a l s f o r the f i r s t twelve weeks of 
l i f e . ( 2 3 . 5 $ and 19 .3$ r e s p e c t i v e l y ) . 
An estimate of 765 ducklings died. T i d a l walks 
recovered 17 ducklings, 10 complete and 7 the remains of 
predation. 
One successful and eleven unsuccessful g u l l attacks were 
observed dur i n g a minimum of 122 hrs. observation. 
G u l l predation, d u r i n g the day, was found t o be 
unimportant both f o r the egg stage and d u c k l i n g m o r t a l i t y . 
Feeding behaviour of the ducklings was found t o vary 
w i t h age, a schematic diagram, based on f i e l d observations, 
was drawn t o i l l u s t r a t e the change i n feeding behaviour of 
the ducklings, and t h e i r females, w i t h increase i n du c k l i n g 
age. 
Creche formation occurred i n 13$ o f the t o t a l d u c k l i n g 
population, the remaining s t a y i n g i n t h e i r separate broods. 
The e f f i c i e n c y of feeding techniques, used by the 
ducklings, i s discussed as a possible m o r t a l i t y f a c t o r 
i n the s u r v i v a l of ducklings. 
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